Abstract Although many studies show that the experience level of physicians is significantly associated with the outcomes of their patients, little evidence exists to show whether junior residents provide worse care than senior residents. This study was conducted to analyze whether the experience level of residents may affect the outcomes of patients cared for in a well-organized setting. We conducted a 7-year retrospective study utilizing statistical data from a respiratory care center (RCC) in a medical center between October 2004 and September 2011. In addition to the two medical residents who had been trained in the intensive care unit (ICU), the RCC team also included attending physicians in charge, a nurse practitioner, a case manager, a dietitian, a pharmacist, a social worker, registered respiratory therapists, and nursing staff. Weaning from mechanical ventilation was done according to an established weaning protocol. The 84 months analyzed were classified into five groups according to the levels of the two residents working in the RCC: R2 þ R1, R2 þ R2, R3 þ R1, R3 þ R2, and R3 þ R3. The monthly weaning rate and mortality rate were the major outcomes, while the mean ventilator days, rate of return to the ICU, and nosocomial infection incidence rate were the minor outcomes. The groups did not differ significantly in the monthly weaning rate, mortality rate, mean ventilator days, rate of return to the ICU, or nosocomial infection incidence rate (p > 0.1). Further analysis showed no significant difference in the monthly weaning rate and mortality rate between months with a first-year resident (R1) and those with two senior residents (p > 0.2). Although the weaning rate in the RCC gradually improved over time (p < 0.001), there was no significant difference in the monthly weaning rate between the groups after adjusting for time and disease severity (p > 0.7). Thus, we concluded that in a well-organized setting, the levels (experiences) of residents did not significantly affect patient outcomes. This result may be attributed to the well-developed weaning protocol and teamwork processes in place, which avoid a large effect from any single factor and provide stable and high-quality care to the patients.
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Introduction
In Taiwan, an integrated delivery system (IDS) has been developed for patients who depend on mechanical ventilator support for more than 21 days. Information on all patients enrolled in this system is reported to the National Health Insurance Bureau (NHIB). The patients with stabilized clinical conditions but having difficulty in weaning from the ventilator are transferred from an intensive care unit (ICU) to a respiratory care center (RCC) within 21 days after starting mechanical ventilation. Therefore, an RCC is set as a step-down unit for caring for patients transferred from an ICU and for weaning them from mechanical ventilator support. Such patients may be treated in an RCC for a maximum of 42 days, after which they are transferred to an extended care facility such as a respiratory care ward (RCW). However, they may return to an acute care facility as clinically indicated, especially when their clinical condition deteriorates. Although their disease severity is theoretically lower than those in the ICU, patients in the RCC are still considered to be critically ill [1] .
Results of many studies to date have shown that physician experience is significantly associated with patient outcomes [2e6]. However, it is to be noted that these studies did not include medical residents under training and little evidence exists to show whether junior residents provide worse care to their patients. Because residents in teaching hospitals care for patients under the supervision of an experienced attending physician, the association between residents' experience and patient outcomes may be very weak.
A rule for hospital accreditation has required that the residents caring for patients in the RCC should be senior residents (i.e., those more senior than first-year residents). This rule may have been set under the assumption that senior residents provide better care to these critically ill patients in the RCC, but no evidence to date supports this idea. This study was therefore conducted to demonstrate whether the seniority of caring residents affects patient outcomes in the RCC.
Materials and methods

Study design
This is a 7-year retrospective observational study conducted in the RCC of a medical center in southern Taiwan.
Upon implementation of the IDS for respiratory care as mandated by the NHIB in Taiwan, this 16-bed facility functioned as a step-down unit for respiratory care. Adult patients were referred to the facility from various ICUs (medical ICUs, coronary care unit, surgical ICU, cardiovascular surgical ICU, neurological ICU, neurosurgical ICU, and the burn center). For admission to the RCC, the patients must be hemodynamically stable without the use of vasoactive drugs and must have adequate gas exchange under mechanical ventilator support with inspired oxygen fraction levels less than 60% and positive end-expiratory pressures less than 10 cmH 2 O.
Two medical residents rotate into the RCC each month. Both have received previous training in medical ICU for at least 1 month. The two residents work in 24-hour shifts. In addition to the two residents, the RCC team also includes attending physicians in charge, a nurse practitioner, a case manager, a dietitian, a pharmacist, a social worker, registered respiratory therapists, and nursing staff. Besides, medical chief residents provide 24-hour backup support for clinical consultation and bedside procedures. All the attending physicians are certified specialists in both pulmonary and critical care. Weaning from mechanical ventilation was done according to the recommendations in an established weaning protocol.
As a part of quality-control measure in the RCC, data are collected every month and reported to the NHIB. The monthly average acute physiology and chronic health evaluation II (APACHE-II) score is calculated from the data when the patients are admitted to the RCC. The monthly weaning rate is defined as the number of patients who are successfully weaned for !5 days divided by the number of patients who leave the RCC (including those who are transferred to the ward or RCW, returned to the ICU, or expire). The monthly mortality rate is determined by the number of expired patients (including those discharged in dying condition) divided by the total number of patients. The monthly mean ventilator days is defined as the total number of days on the ventilator for all patients who leave the RCC divided by the number of patients who leave the RCC in the month. The rate of return to the ICU is calculated as the number of patients returned to the ICU divided by the total number of patients for the month. The nosocomial infection incidence rate is defined as all events of nosocomial infection divided by the cumulative patient days of the month, expressed per thousand (&).
The monthly statistical data in the RCC between October 2004 and September 2011 were retrieved from the records maintained. The levels of the two residents [first-year resident (R1), second-year resident (R2), or third-year resident (R3)] caring for patients in the month were also recorded as the designation for the experiences of residents. The 84 months analyzed were classified into five groups according to the levels of the two residents: R2 þ R1 (a second-year resident and a first-year resident), R2 þ R2 (two second-year residents), R3 þ R1 (a third-year and a first-year resident), R3 þ R2 (a third-year and a secondyear resident), and R3 þ R3 (two third-year residents). The monthly weaning rate and mortality rate were the major outcomes, while mean ventilator days, rate of return to the ICU, and nosocomial infection incidence rate were minor outcomes.
The study protocol was approved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUH-IRB-20110387), which waived the requirement for patient consent.
Statistical analysis
Data were entered and analyzed using JMP statistical software (version 8.0, SAS Institute Inc., Cary, NC, USA). All the study results are presented as mean values with standard deviations (means AE SD) or percentages unless elsewhere indicated, with least square means with standard errors (adjusted means AE SE) presented for adjusted results. A simple linear regression model with correlation coefficient was used to show the changes in continuous variables over time. One-way analysis of variance was used to compare continuous variables between groups. Analysis of covariance was used to determine the effects of groups, while controlling for the effects of some covariates, on continuous variables. All comparisons were two-tailed, and p < 0.05 were considered to be statistically significant.
Results
Of the 84 months analyzed, the mean (AESD) of average APACHE-II score was 16.76 (AE1.45); the mean mortality rate and weaning rate were 10.74% (AE4.98%) and 46.16% (AE10.79%), respectively; the mean ventilator days, rate of return to the ICU, and nosocomial infection incidence rate were 17.71 (AE3.15) days, 6.77% (AE4.87%), and 14.70& (AE7.06&), respectively. There were 36 months (43%) in the R2 þ R2 group, 25 months (30%) in the R3 þ R2 group, 10 months (12%) in the R3 þ R3 group, 8 months (10%) in the R3 þ R1 group, and 5 months (6%) in the R2 þ R1 group.
Although no significant differences in APACHE-II score and mortality rate were noted between years, the weaning rate significantly differed in years (Table 1) . A simple linear regression analysis revealed that APACHE-II score did not change significantly with time (r Z e0.0287; p Z 0.7952), whereas the mortality rate slightly decreased with borderline significance (r Z À0.2141; p Z 0.0505) and the weaning rate significantly increased with time (r Z 0.3666; p Z 0.0006) (Fig. 1) . None of the minor outcomes (mean ventilator days, rate of return to the ICU, and nosocomial infection incidence rate) changed significantly with time (p > 0.2) (Fig. 1 ).
There were no significant differences in the average APACHE-II score (p Z 0.7185), mortality rate (p Z 0.4323), weaning rate (p Z 0.5852), mean ventilator days (p Z 0.6444), rate of return to the ICU (p Z 0.1160), and nosocomial infection incidence rate (p Z 0.6712) between the groups of months as classified by the levels of residents (Table 2) . Further analysis showed no significant difference in these statistical data between months with an R1 and those with two senior residents, and similar results were obtained while the months were classified by the presence or absence of an R3 (data not shown). After adjusting for time (months from October 2004) and average APACHE-II score, there were no significant differences in the mortality rate, weaning rate, mean ventilator days, rate of return to the ICU, and nosocomial infection incidence rate between the groups of months classified by the levels of residents (Table 3 ). Similar findings were noted when the months were classified by the presence or absence of an R1 or R3 (data not shown). 
Discussion
In this retrospective study, we found that the outcomes of patients in our RCC seemed to improve progressively during the study period. Although the disease severity, as measured by monthly average APACHE-II score on RCC admission, did not change with time, the monthly mortality slightly decreased with borderline significance and the monthly weaning rate significantly improved. These findings suggested the improving quality of care in our RCC during these 7 years. We could not identify major changes in our RCC during this period (in terms of general setting, facilities, staffing, application of clinical protocols, etc.) which could explain the improvement. We believe that the cumulative experience of caring for patients in the RCC may be the most important factor contributing to the improving quality of care. Many studies have demonstrated the beneficial effect of physician experience on patient outcomes [2e6]. An observational study showed that patients cared for by hospitalists had shorter hospital stays, lower medical costs, and lower short-term mortality, as compared with patients cared for by nonhospitalists; the differences become significant only in the second year of the program, suggesting the importance of cumulative experience [2] . Another study showed that the experience of primary care physicians in managing patients with acquired immunodeficiency syndrome has been significantly associated with the survival of their patients [3] . Similarly, another study reported that the survival of patients with hepatocellular carcinoma depends on the level of experience of the physicians overseeing them [4] . An association of physician experience with tuberculosis and survival in patients with active tuberculosis has also been reported [5] . Many studies demonstrate the relationship between the caseload volume of the hospital and patient outcomes [7, 8] , whereas others show that experience of the physician significantly modifies this relationship or is even more crucial in determining outcomes than the hospital caseload volume [8e12]. Although many studies report the positive experienceeoutcome relationship, some do not. A recent study found that inpatient care by physicians with more years in clinical practice was associated with longer lengths of hospital stays and higher risk of mortality [13] .
Although many studies discuss the impact of physician experience on patients outcomes as mentioned above, these studies compared experienced and inexperienced attending physicians. Through literature review, very few studies discussed this issue in residents, and most of them addressed the learning curve of surgical residents [14, 15] . Some studies suggested that inexperienced surgical residents may be associated with worse surgical outcomes [15e17]. However, Table 2 Comparison of APACHE-II score and the outcomes in different groups of months. a Group (n) a Values are presented as mean AE standard deviation. The p values are calculated using analysis of variance. The months are categorized by the level of two residents working in the unit that month. "R2 þ R1" denotes a second-year resident and a first-year resident, "R2 þ R2" denotes two second-year residents, and so on. Table 3 Comparison of the adjusted outcomes in different groups of months. a The values are adjusted with time (months from October 2004) and acute physiology and chronic health evaluation II score, and are presented as least-square means AE standard error. The p values are calculated using analysis of covariance. The months are categorized by the level of two residents working in the unit that month. "R2 þ R1" denotes a second-year resident and a first-year resident, "R2 þ R2" denotes two second-year residents, and so on. the so-called July phenomenon (worsening of outcomes in teaching-hospital patients with the arrival of new, inexperienced housestaff) cannot be found consistently[18e20], suggesting the complexity of this issue. To our knowledge, no available evidence to date shows the impact of medical residences' experiences on patient outcomes.
Our study found no significant differences in the monthly weaning rate and mortality rates between months with different levels of residents, suggesting that experiences (levels) of residents did not significantly affect the outcomes of patients in the RCC. These findings may be attributed to the high level of organization of our RCC, especially the well-organized multidisciplinary team with attending physicians in charge, a nurse practitioner, a case manager, a dietitian, a pharmacist, a social worker, registered respiratory therapists, and nursing staff, as well as a good support system. The clinical practice supervised by experienced attending physicians is also likely to have contributed to the stable outcomes in our patients.
Application of the weaning protocol may also be a key in the stable quality of care our patients received. Many studies have demonstrated the benefits of protocol-directed weaning from mechanical ventilation, including shorter duration of mechanical ventilation, shorter length of stay, and fewer complications [21e25]. Weaning protocol directed by respiratory therapist has also been proven safe and efficient [21, 25] . Many randomized, controlled trials demonstrate that protocol-guided ventilator weaning, as performed by nurses and respiratory therapists, may lead to more rapid extubation than physician-directed weaning [22, 26] . Other studies, however, found that protocoldirected weaning may be unnecessary in a closed ICU with generous physician staffing and structured rounds [27] or in special populations, such as pediatric [28] and neurosurgical patients [29] . Although controversy continues to surround the effect of protocol-driven ventilator weaning [30] , we believe that the use of a weaning protocol contributes to the stable, and even progressively improving, weaning rate in our RCC. Furthermore, the protocol-guided weaning performed by respiratory therapists in our RCC was supervised by experienced pulmonologists and intensivists. Therefore, the level of residents was an unimportant factor. Some limitations of this study must be addressed. First, this study used statistical data retrieved from the record as the outcomes. Compared with studies using outcomes from individual patients, this method may result in indirect evaluation of the effect of residents' level on the outcomes. However, it is not quite necessary to obtain data from individual patients because the overall effect of the experience of residents attending during a particular month was the outcomes of concern. Monthly mortality rate and weaning rate were therefore chosen as the outcomes in this study. Another limitation of the study was its retrospective design, because the statistical data retrieved from the record lacks many relevant factors. For example, we were unable to assess the impact of important factors significantly associated with the outcomes, such as the do not resuscitate status, tracheostomy, length of stay in the ICU before RCC admission, total length of stay in the hospital before RCC admission, ventilator day, presence of cancer, source of the patient, presence of organ failures, and presence of palliative care plan.
Another limiting factor was the low sample sizes in some groups of months (groups R2 þ R1 and the group R3 þ R1), which may have reduced the power of our analyses. Therefore, we performed analyses after combining the groups to achieve acceptable sample sizes. Analyses with the months re-classified by the presence or absence of R1 or R3 showed consistent results.
Third, other covariates that were not included in our study model may have influenced the results. For example, the impact of the attending physician in charge was not included as a covariate. Because all of the attending physicians in charge were experienced and qualified pulmonologists and intensivists, we did not consider this factor relevant. Furthermore, the statistical analyses of this study revealed that the outcomes in groups of months were nearly the same (with high p values, all >0.1). We, therefore, did not believe that the conclusions would change after adjusting for other covariates.
Fourth, based on the settings and rules of RCC, many patients stayed in the RCC for months, thus receiving care from more than one group of residents. In other words, the quality of care from one group of residents may have resulted in outcomes attributed to another group of residents. This limitation, however, was unavoidable in studies of the effect of rotating residents, especially in the patient population with long hospital stays. Therefore, the arbitrary definitions used in this study, attributing the outcomes to the group of residents of the month, were considered acceptable. Similarly, the average APACHE-II score of the month, based on the data of each patient admitted in the month, was used as a covariate to adjust for disease severity. The average APACHE-II score for each month did not change significantly with time or differ significantly between the groups of months classified by different levels of residents. We, therefore, considered this imperfection acceptable. Further prospective studies with fixed residents may be needed to validate our findings.
Fifth, this study was conducted in a single RCC in a medical center, so the results may not be generalized to the RCC in other institutions or even other settings such as ICUs and general wards. Finally, the evaluation of outcomes was limited to short-term outcomes in the hospital, and the long-term prognosis was not assessed. Despite these limitations, the data presented in our study still provide evidence that the level of residents may not be important in the care received by patients in a well-organized RCC setting.
In conclusion, a well-organized setting may provide stable quality of care to patients, irrespective of the experiences (levels) of the residents. Although further prospective studies may still be needed to confirm our findings, we believe that the requirement to use senior residents to care for patients in the RCC is unnecessary as long as the rotating residents have previously received critical care training in the ICU.
